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Introduction
The region ranging from the base of the skull to the clavicle
includes many organs: the oral cavity, pharynx (epipharynx,
oropharynx and hypopharynx), nasal cavity, paranasal
sinuses, larynx, esophagus, thyroid gland, salivary glands
(sublingual, submandibular, and parotid glands), blood
vessels (cervical arteries and veins), nerves (cranial and
spinal nerves), muscles, and bones (facial bones, mandible,
hyoid bone and vertebra). Each tissue of the neck is
demarcated by the thick ﬁbrous connective tissue known as
fascia. These interfascial spaces, which are ﬁlled with coarse
connective tissue (areolar tissue), are called fascial spaces.
Once an infection reaches the fascial spaces, it spreads to
remote sites, thereby leading to an increasingly severe
infection because these spaces are sparse and continuous.
Infections of these spaces in cervical tissues are known
generically as deep neck infections [1].
Most of the deep neck infection cases are derived from
dental or otorhinolaryngological infections. Classiﬁcation
of deep neck infections is slightly confusing because
of coexisting anatomical or pathological classiﬁcation
schemes. In the anatomical classiﬁcation, the infections
are generally named according to the tissue spaces in
which the infections are located. The main tissue spaces
are submandibular, sublingual, masticatory, para-pharyn-
geal, retropharyngeal, danger, and carotid spaces. The
infections are referred to as abscesses of the para-pha-
ryngeal space, submandibular space, etc. according to tiers
localizations [2]. When deep neck infections progress to
the mediastinum, prognoses are poor. An infection show-
ing mediastinal development, which is called ‘‘descending
necrotizing mediastinitis’’, is frequently dealt with as an
independent disease, because the morbid conditions and
therapeutic methods differ considerably from those for
deep neck infections.
Deep neck infections are occasionally classiﬁed into the
aerosis type and the non-aerosis type according to the
associated morbid conditions. Infections of the aerosis type
are traditionally called ‘‘gas gangrene’’. Gas gangrene is
classiﬁed into the clostridial type and the non-clostridial
type. Clostridial gas gangrene is generally believed to
progress faster and to be more severe than the non-clos-
tridial type. At present, infections of the neck involving
Clostridium are uncommon, and the signiﬁcance of actual
classiﬁcation of aerosis-type infections of the neck
according to Clostridium is low.
There is a morbid condition called ‘‘necrotizing fascii-
tis’’ among these infections, which are severe as regards the
degree of infectious progression. This indicates an infec-
tion with a poor prognosis, which includes inﬂammation of
the fascia and progresses rapidly. This disorder is differ-
entiated from abscess-forming diseases.
This section deals with deep neck infections, necrotizing
fasciitis, descending necrotizing mediastinitis and Lemierre
syndrome among anaerobic infections of the head and
neck.
Deep neck infections
Pathogenesis
These morbid conditions are associated with the develop-
ment of dental infections (dental caries, pericoronitis of the
wisdom teeth, periodentitis, etc.) and otorhinolaryngolog-
ical infections (peritonsillitis, etc.) in the adjacent fascial
spaces. Since fascial spaces of the head and neck are
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continuous in the area ranging from the base of the skull to
the epiphrenic region, infections of the deep neck may
reach remote sites and occasionally cause serious compli-
cations. The para-pharyngeal space is the most important of
these fascial spaces, providing the main point of diagnostic
imaging and surgical treatment. The para-pharyngeal
space, i.e., the interfascial space, which is ﬁlled with are-
olar tissue, is demarcated internally by the lateral pharyn-
geal wall, externally by the mandible (pterygoid muscle),
superiorly by the skull base, and posteriorly by the parotid
gland and vertebra. The styloid process forms the boundary
between the anterior and posterior parts of the para-pha-
ryngeal space. Infections of the para-pharyngeal space can
reach the area ranging from the skull base to the epiphrenic
region or the hyoid bone. Infections of the para-pharyngeal
space cause dyspnea due to swelling of the pharynx,
leading to the development of mediastinitis, brain abscess,
sepsis, disseminated intravascular coagulation (DIC) syn-
drome, etc., and have a major inﬂuence on prognosis.
Therefore, early diagnosis and treatment are essential for
management of these infections.
Causes
Approximately half of deep neck infections stem from
dental infections. Many dental infections spread to the
para-pharyngeal space via the sublingual, submandibular,
pterygomandibular and masticatory spaces, while many
otorhinolaryngological infections spread to the para-pha-
ryngeal space via peritonsillar, parotid and retropharyngeal
abscesses.
Clinical symptoms
Clinical symptoms of para-pharyngeal space abscess
include pharyngalgia, painful swallowing, swallowing dif-
ﬁculty, disturbance of mouth opening, dyspnea and sub-
mandibular pain.
Diagnosis
Infectious markers, including leukocytosis, nuclear shift to
the left and increased C-reactive protein (CRP), serve as
criteria for diagnosis and treatment. The range of an
infection is demonstrated by diagnostic imaging modalities
including contrast-enhanced computed tomography (CT),
magnetic resonance imaging (MRI) and ultrasonography.
Causative bacteria
The infections are mixed with most bacteria being anaer-
obic. The main bacterial strains detected in those derived
from dental infections include Peptostreptococcus spp.,
Parvimonas micra, Prevotella spp., Fusobacterium spp.,
Porphyromonas spp. and Streptococci. In addition to these
bacteria, those detected in acute tonsillitis, which include
Streptococcus pyogenes, Staphylococcus aureus, Hae-
mophilus inﬂuenzae, pneumococcus, etc., are also involved
in the infections derived from tonsillitis.
Antimicrobial therapy
The sensitivity of the gram-negative bacillus group,
including Prevotella spp., to b-lactams is reportedly
decreased. The main mechanism underlying this resis-
tance is b-lactamase production. For severe cases, injec-
tions as shown in Table 1 are selected, taking into
consideration b-lactamase-producing bacteria. Infections
tend to be resistant to CLDM, suggesting that, in terms of
sensitivity, minocycline (MINO) is also a treatment
option.
Necrotizing fasciitis
Necrotizing fasciitis indicates a rapidly progressing infec-
tion involving the cervical subcutaneous tissue and fascia.
These infections are associated with the following condi-
tions: (1) Inﬂammation progressing from the hyoid bone to
the inferior cervical region, but with little or no pus
retention; (2) involvement of a plurality of fascial spaces
with many showing unilateral progression; (3) transparent
exudates and necrotic changes in tissues; (4) invasion to the
connective tissue and fascia, secondarily leading to damage
to muscle and skin, but without inﬂuencing salivary gland
structures; and (5) no lymphatic progression. Erroneous
countermeasures against these infections can induce spread
to adjacent organs, leading to the development of multiple
organ failure (MOF) and ultimately a fatal outcome [3].
Clinically, in Japan, these infections tend to be regarded as
resulting from the development of necrotizing fasciitis of
the extremities in the neck, though necrotizing fasciitis is
one of the concepts of deep neck infections.
Causes
The main causes of this disease are dental infections,
otorhinolaryngological infections and trauma. The frequency
Table 1 Selection of antimicrobial agents for treatment of deep neck
infections
b-Lactams with b-lactamase inhibitors
b-Lactams + clindamycin (or minocycline)
Carbapenems
Fluoroquinolones
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of such an infection having a dental origin is highest (70%);
these cases include sequelae of carious teeth (dental caries),
periodontal diseases and post-extraction infections. (3)
The next highest frequency, approximately 20%, is for dis-
ease related to otorhinolaryngological infections (tonsillitis).
The frequency is high (approximately 70%) inmen ofmiddle
or advanced age (in their 40s or older). Approximately half of
such patients are suspected of having an underlying diseases,
e.g. diabetes mellitus, liver cirrhosis, etc. [3].
Clinical symptoms
In many cases the disease progressed rapidly after an
antecedent toothache and pharyngalgia persisted for
3–4 days. Wide-ranging rubor of the skin, bulla forma-
tion due to cardiovascular disturbances, and erosion are
associated with this disease, and subcutaneous aerosis is
also occasionally recognized. The fasciitis progresses
from the face to the neck, precordial skin, and medias-
tinum. When this fasciitis progresses to the mediastinum,
a worsening prognosis, then MOF and sepsis, in that
order, can be expected. The fatality rate for mediastinal
involvement is believed to be 22% [3]. In many cases,
subcutaneous inﬂammatory symptoms progress prior to
abscess formation.
Clinical diagnosis
(1) Blood biochemical examination: Leukocytosis,
nuclear shift to the left, increased CRP and items
related to disseminated intravascular coagulation
(DIC).
(2) Diagnostic imaging: Ascertainment of the degree of
inﬂammation development and conﬁrmation of gas
(aerosis) by (contrast-enhanced) CT and MRI. Con-
ﬁrmation of pathological necrosis of the fascia leads
to the deﬁnitive diagnosis.
Main bacteria detected
This disease shows mixed infections with a plurality of
bacteria being anaerobic (Table 2). There are few or no
cases with involvement of group A Streptococcus, i.e.,
the causative bacteria of necrotizing fasciitis of the
extremities. There is no remarkable difference between
the main bacteria detected and those detected in
abscesses of the deep neck. Culture of infectious tissue
simultaneously with detection enhances bacterial identi-
ﬁcation (Table 3).
Treatment
This disease is not readily curable with a single adminis-
tration of antimicrobial agents. Incision and drainage are
aggressively carried out in conjunction with drug therapy.
An incision line is set with the aim of exposing the necrotic
tissue of the neck to air. Oxygen under high pressure
(OHP) therapy is also an alternative for refractory cases.
Antimicrobial therapy
The selection of antimicrobial agents for this disease con-
forms to that for deep neck infections. In many cases
administration of antimicrobial agents has already been
conducted at other hospitals; carbapenems are initially
administered in many cases.
Table 2 Main bacteria detected in necrotizing fasciitis
Anaerobic bacteria
Prevotella melaninogenica
Fusobacterium nucleatum
Peptostrptococcus ananerobious
Parvimonas micra
Anaerococcus prevotti
Aerobic bacteria
Oral Streptococcus
Pseudomonas aeruginosa
Escherichia coli
Table 3 Main bacteria detected in descending necrotizing mediastinitis
Anaerobic bacteria
Prevotella species
Porphyromonas species
Fusobacterium nucleatum
Peptostrptococcus ananerobious
Parvimonas micra
Anaerococcus prevotti
Clostridium perfringens
Aerobic bacteria
Oral Streptococcus
Staphylococcus aureus
Pseudomonas aeruginosa
Escherichia coli
Enterococcus species
Klebsiella pneumoniae
J Infect Chemother (2011) 17 (Suppl 1):67–71 69
123
Descending necrotizing mediastinitis
Pathogenesis
Infections, such as abscess of the deep neck and necrotizing
fasciitis, descend in the fascial space of the neck and
manifest as mediastinal infections. This condition is called
descending necrotizing mediastinitis. It constitutes a group
of diseases with a poor prognosis even at present, and
prompt aggressive intensive treatment is essential. Since
the condition reﬂects the bacteria detected in infections of
the deep neck, many cases show mixed bacterial infections,
predominantly with anaerobic bacteria [4].
Brieﬂy, there are three known processes for the progres-
sion of oral or otorhinolaryngological infections to the
mediastinum: (1) A process from the anterior region of the
neck to the hyoid bone and to the superior mediastinum; (2)
A descending process in the area surrounding the cervical
arteries via the para-pharyngeal space; and (3) a descending
process in the retropharyngeal space between the pharyngeal
constrictor and the prevertebral muscle. Many processes are
believed to be involved in mediastinal development (3), and
some infections may involve a plurality of processes. There
is thus variation in processes among reports. The retropha-
ryngeal space is continuous to at most the third cervical
vertebra, and is demarcated with fascia called the ‘‘alar
fascia’’. When an infection extends beyond the alar fascia to
invade the danger space, it progresses to the diaphragm.
Causes
This disease may be regarded as a result of mediastinal
development of deep neck infections and necrotizing fas-
ciitis. It originates from dental and otorhinolaryngological
infections. Esophageal perforation can also cause this dis-
ease. Some reports have shown that approximately 70% of
these cases are attributable to dental infections [5, 6].
Clinical symptoms
This disease shows symptoms of mediastinitis as well as
deep neck infections. In the very early stage of mediastinal
development, there may be no symptoms of mediastinitis,
such as chest pain and cough. It is therefore necessary for
mediastinal development to always be taken into consid-
eration. The important point in making the diagnosis of
deep neck infections is to obtain a CT scan of the site
including the mediastinal region even in the absence of
symptoms such as cough and chest pain, from which
mediastinitis is distinctly suspected. The mediastinal
infection progresses to cause respiratory disorders due to
pyothorax, DIC, sepsis, and ﬁnally MOF. Some reports
have shown the mean period from the occurrence to the
mediastinitis in deceased cases to be 8 days (4–14 days)
and the period from diagnosis to death 7 days, suggesting
that prompt diagnosis is crucial.
Clinical diagnosis
(1) Blood biochemical examination: Leukocytosis, nuclear
shift to the left, increased CRP and items related to DIC.
(2) Diagnostic imaging: Demonstration of the degree of
inﬂammation and conﬁrmation of aerosis by chest
X-ray, (contrast-enhanced) CT and MRI.
Bacteria detected
In a manner similar to the bacteria detected in deep neck
infections, those detected in this disease frequently reﬂect
the resident ﬂora of the oral cavity and pharynx. Bacilli
causing gas gangrene, i.e., C. perfringens, and intestinal
bacteria are occasionally detected.
Treatment
This disease is extremely severe and requires prompt
treatment. Surgery is essential, and particularly if there is
any doubt about drainage of the mediastinum. Surgical
treatment of the anterior mediastinum is conducted via an
approach to the neck. However, in the case of descending
mediastinal development down to the level beyond the
branch points of the trachea, drainage with thoracotomy
may be necessary, because it is difﬁcult to achieve ade-
quate drainage via the neck approach [6].
To secure the airway, tracheostomy or, if possible, intu-
bation under endoscopic observation is employed. Taking
into consideration the possibilities of muscle contracture
occurring after operations on the neck and of swallowing
difﬁculty and aspiration development, an incision line is set.
Antimicrobial therapy
The selection of antimicrobial agents conforms to that for
deep neck infections. This disease is extremely severe, and
carbapenems are actually administered initially in many
cases.
Lemierre’s syndrome
Morbid conditions
Lemierre’s syndrome is a rare thrombotic disorder of the
internal carotid vein, which is due to infections of the
pharynx and neck. Bleeding due to rupture of the internal
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carotid vein, subsequent sepsis, and thrombosis of remote
organs are known to be associated with Lemierre’s syn-
drome. Since the carotid artery exists in the vicinity of the
internal carotid vein, bleeding from the carotid artery
should also be taken into consideration [1].
Causes
Lemierre’s syndrome frequently occurs as a complication
of deep neck infections.
Clinical symptoms
The following are recognized clinical symptoms: Remittent
fever, swelling and tenderness of the lateral cervical region
and angle of the mandible, pain in the sternocleidomastoid
muscle, swelling of the lateral pharyngeal walls, dyspnea
and cervical rigidity. Pulmonary infarction and metastatic
infectious lesions of the brain, lung, kidney or joint have
also been recognized.
Diagnosis
CT, MRI and ultrasonography of the neck are useful for
making the diagnosis.
Bacteria detected
Involvement of Fusobacterium necrophorum has been
indicated.
Treatment
Drainage of the para-pharyngeal space and ligation of the
internal carotid vein, as needed, are conducted.
Antimicrobial therapy
The selection of antimicrobial agents conforms to that for
deep neck infections.
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